Abstract: Intrasubstance tears of the anterior cruciate ligament (ACL) were once considered a rare injury in skeletally immature athletes but are now observed with increasing frequency. Treatment strategies have evolved as recent studies have identified unique considerations specific to the skeletally immature patient. The current literature now supports the trend toward early operative treatment to restore knee stability and prevent progressive meniscal and/or articular cartilage damage, but the optimal approach to ACL reconstruction in this age group remains controversial. Despite the reported clinical success of transphyseal reconstruction, iatrogenic growth disturbance secondary to physeal damage remains a genuine concern. The reluctance to place drill-holes across open physes has led to the development of numerous ''physeal-sparing'' reconstruction techniques using anatomic femoral and tibial footprints that have adequately restored anteroposterior and rotational knee stability in biomechanical studies but have demonstrated mixed results in the clinical setting. The intent of this review is to (1) highlight the unique anatomic considerations pertaining to ACL reconstruction in the skeletally immature athlete, (2) discuss preoperative clinical and radiographic assessment of the pediatric patient with a suspected ACL injury, (3) review transphyseal and physeal-sparing reconstruction techniques and highlight surgical technical considerations, (4) present clinical outcomes according to patient and technique-specific factors, and (5) review age-specific injury prevention treatment strategies and a novel treatment algorithm based on skeletal maturity. ACL reconstruction in the skeletally immature athlete typically results in a successful clinical outcome, yet the optimal surgical technique is still controversial. This review will help guide the management of ACL injuries in the pediatric athlete.
H istorically, intrasubstance tears of the anterior cruciate ligament (ACL) were once thought to be rare among pediatric patients. Recently, a dramatic rise in athletic activity along with increased recognition of this condition have led to a commensurate increase in the number of ACL injuries diagnosed in patients with open physes. Treatment strategies for ACL injuries in skeletally immature patients have evolved; however, there are still no clear management guidelines. Overall, the perceived risk of physeal damage has led to reluctance to routinely use the conventional ACL reconstruction techniques that have proven successful in adult patients. This article provides a comprehensive review of current concepts pertaining to ACL reconstruction in skeletally immature athletes, including a review of pertinent anatomy, risk factors for ACL injury and associated pathology, unique preoperative considerations for skeletally immature patients, the natural history following nonoperative management and the sequelae of delayed reconstruction, and an overview of currently used techniques and their clinical outcomes. Lastly, an evidencebased surgical treatment algorithm based on skeletal maturity is presented to guide surgical decision-making.
Anatomy of the Pediatric Knee
T he ACL develops in utero, appearing at twenty-four weeks of gestation as a confluence of collagen ligament fibers that blend with the periosteum. At thirty-six weeks of gestation, an epiphyseal attachment can be observed, with interdigitation of the ACL collagen fibers with adjacent bone, transitional fibrocartilage, and mineralized fibrocartilage 1 . Anatomically, the ACL comprises two functional and anatomic bundles, the anteromedial and posterolateral bundles (Fig. 1 ). The anteromedial bundle originates on the femur at the transition between the intercondylar line and the cartilage margin, and it inserts along the medial aspect of the intercondylar eminence. The posterolateral bundle originates at the anteroinferior aspect of the femoral ACL origin, and it inserts just lateral to the central aspect of the intercondylar eminence. The sizes of the anteromedial and posterolateral bundles can vary according to patient height, weight, and body mass index (BMI) 2 . Pediatric development of the femoral intercondylar notch continues steadily through skeletal development until eleven years of age, after which time there is no significant increase in the width of the anterior portion of the notch (Fig.  2) 3 . After ten years of age, the width of the notch is greater in boys than in girls. The lateral intercondylar ridge (''resident's ridge'') is located on the medial aspect of the lateral femoral condyle and marks the anterior border of the femoral ACL footprint with the knee in 90°of flexion. It is important to note Functional and anatomic bundles of the ACL. The functional and anatomic bundles of the ACL are illustrated with the medial femoral condyle removed in knee extension ( Fig. 1-A) and in knee flexion ( Fig. 1-B) . As the knee flexes, the anteromedial (AM) bundle becomes taut as the origin ''rolls over ' 
that this landmark is utilized to determine accurate placement of the femoral tunnel position during ACL reconstruction, and several studies have demonstrated that it is present more frequently in older adolescents (88% in thirteen to twentyyear-olds compared with 44% to 63% in three to twelve-yearolds) 1, 4 . Additional considerations that are unique to the pediatric knee include the anatomy of the tibial and femoral physes. The distal femoral physis contributes 70% of the total femoral length and 37% of the total limb length over the course of skeletal development, at an average rate of 10 mm per year. The distance between the femoral physis and the femoral origin of the ACL remains unchanged from gestation through skeletal maturity and averages approximately 3 mm 1 . The proximal tibial physis contributes approximately 55% of the total tibial length and 25% of the total limb length over the course of skeletal development, at a rate of 6.4 mm per year.
Risk Factors for ACL Injury
C haracterization of the ''at-risk'' pediatric athlete involves several internal and external risk factors. Internal risk factors include those intrinsic to the patient, such as mechanical, hormonal, and anatomic considerations. Biomechanical risk factors are introduced with pivoting, deceleration, or landing from a jump and are largely related to posture, alignment, and increased quadriceps activation during these activities. For instance, female athletes are ''quadriceps-dominant,'' with higher quadriceps/hamstring activation ratios compared with male athletes. This has led to the development of strength and conditioning programs targeted at ACL tear prevention 5 . Several studies have been performed with the goal of finding an association between sex hormone receptors located within the ACL (including those for estrogen 6, 7 , testosterone, and relaxin 8 ) and ligament injury. It is possible that these sex hormones alter the mechanical properties of the ACL, but the precise mechanism has not been fully elucidated 9, 10 . Anatomic risk factors include increased anterior pelvic tilt, increased femoral anteversion, increased quadriceps angle, decreased intercondylar notch width, and increased posterior tibial slope 11 . These intrinsic risk factors may preferentially predispose girls to increased ACL strain and injury, as female athletes tend to exhibit these anatomic characteristics more frequently than male athletes 8, 11, 12 . External risk factors include variables such as weather conditions, footwear, and footwear-surface interaction. Weather conditions contribute to poor playing surfaces, as low rainfall and high evaporation during summer months may result in harder playing surfaces and increased strain on the ACL. An increased coefficient of friction between the shoe and the playing surface can improve stability and performance, but it may also cause increased strain on the ACL, resulting in higher rates of ACL injury. Likewise, studies have demonstrated that the number, length, and placement of cleats (specifically at the peripheral margin of the lateral sole of the foot) may also increase an athlete's probability of ACL injury by increasing strain on the ACL 13, 14 . In pediatric patients, the femoral notch continues to grow until the patient is eleven years of age. ANOVA = analysis of variance.
Associated Intra-Articular Pathology Meniscal Tears S imilar to the situation in adults, several studies have demonstrated that pediatric patients who undergo simultaneous meniscal repair at the time of ACL reconstruction have a significantly higher meniscal healing rate compared with patients who undergo meniscal repairs alone. Krych et al. reported healing rates of approximately 74% for all tear patterns and 84% for simple tears (those with one major tear component: vertical, longitudinal, horizontal, or radial) in patients less than eighteen years of age at eight years of follow-up. Complex tear patterns (a multiple-plane combination of two or more tear components) as well as buckethandle tears had significantly lower healing rates of approximately 60% at two years 15 . Repairs of the medial meniscus also had a higher rate of failure compared with repairs of the lateral meniscus. Although patients with open physes at the time of surgery showed an increased rate of failure, this was potentially due to decreased compliance with postoperative protocols.
Combined Ligamentous Injuries
Similar to the situation in adults, recent data support delayed ACL reconstruction with nonoperative management of grade- Dynamic control with sport-specific movements *WBAT = weight-bearing as tolerated, and HSS = Hospital for Special Surgery. †Time is approximate. Rehabilitation program progression is dependent on the patient's ability to fulfill goals at each phase.
II and III tears of the medial collateral ligament (MCL) in skeletally immature patients. In these cases, treatment with a hinged knee brace until surgical ACL reconstruction is appropriate. In a cohort of patients (mean age, 15.6 years; range, fourteen to seventeen years) with combined MCL and ACL injuries, the mean delay to ACL reconstruction in patients with successful outcomes was thirty-three days and reconstruction resulted in a reported mean Lysholm score of 96, with 100% returning to athletic activity 16 .
Chondral Lesions
Traumatic chondral lesions have been observed in up to onehalf of high school athletes with ACL injuries 17 . There is a higher prevalence of combined ACL and articular cartilage injuries in young female athletes compared with male athletes. Many studies have demonstrated a positive effect of younger age on the outcome of cartilage repair techniques such as microfracture or osteochondral autograft transfer (OAT) for acute traumatic cartilage injury 18 . Currently there is limited information on the effect of ACL reconstruction on simultaneous articular cartilage repair.
Evaluation of the Pediatric Athlete C hildren presenting with an ACL tear often report a sudden varus or valgus force along with a twisting at the knee associated with an audible or palpable ''popping'' sensation. Initial examination of the patient should rule out concomitant musculoskeletal injuries. Examination of the knee should include inspection for acute hemarthrosis, which is helpful in determining the severity of the injury. ACL injuries can be present in up to 65% of adolescents presenting with acute traumatic hemarthrosis 19 . Reliable physical examination maneuvers to detect ACL insufficiency include the Lachman test, the anterior drawer test with the knee in 90°of flexion, and the pivot-shift test. Pain and swelling can affect patient compliance and thus the accuracy of these tests. The pivot-shift test is positive in 98% of anesthetized patients with ACL insufficiency compared with only 35% of patients who are awake during the examination 19 . In addition to checking for clinical malalignment, it is important to evaluate the patient for preoperative limb-length discrepancy. Clinical malalignment and limblength discrepancy are checked preoperatively to reveal any baseline irregularities and/or side-to-side differences. As the patient is followed through skeletal maturity, baseline measurements allow the surgeon to determine if any postoperative differences existed preoperatively or if they were possibly caused by the surgery and should be addressed. Limb-length discrepancy is typically measured with a tape measure (from the anterior superior iliac spine to the medial malleolus) or by placing blocks under the clinically shorter limb to correct any pelvic obliquity that may be present.
Imaging
Magnetic resonance imaging (MRI) is 95% sensitive and 88% specific for detecting ACL tears in children. The primary signs of ACL rupture on MRI include an abnormal ligament course, abnormal signal intensity such as diffusely increased signal on intermediate or T2-weighted images, and ligament discontinuity 20 . In addition to the standard radiographic evaluation performed in adults, we additionally obtain fifty-one-inch standing (130-cm) anteroposterior hip-to-ankle radiographs (Fig. 3) . This allows for accurate preoperative assessment of subtle limb-length discrepancy and angular deformity. Skeletal maturity is traditionally assessed with use of a posteroanterior radiograph of the left hand, with reference to the Greulich and Pyle atlas 21, 22 . This method uses a predictable pattern of ossification in the wrist to accurately estimate skeletal age. At our institution, the Hospital for Special Surgery (HSS) shorthand bone age assessment tool facilitates evaluation of bone age without the use of an atlas. This system relies on recognition and memorization of only a few key radiographic findings (Table I) , and it has been validated and shown to have equivalent accuracy compared with the Greulich and Pyle method 23 . With these additional radiographs, a growth chart may be used to predict limb-length discrepancy at skeletal maturity.
Natural History of the Disease
Although nonoperative management is an appealing option given the increased healing potential of children and the risk of physeal damage with surgical reconstruction, clinical results following nonoperative management have not been favorable. Partial ACL injuries represent one-quarter to one-half of the midsubstance ACL tears that occur in children. Although children tend to have better healing capacity than adults, animal studies have demonstrated mixed results regarding the 
precise healing potential after partial ACL transection 24 . Kocher et al. showed that approximately one-third of children (mean age, 13.7 years) with a partial ACL tear who were treated nonoperatively with a hinged knee brace, partial weight-bearing for six to eight weeks, and a progressive ACL rehabilitation protocol ultimately required surgical reconstruction for persistent instability 25 . The authors noted several risk factors for failure of nonoperative management and developed an algorithm for acute treatment. Overall, they recommended surgical management for patients with a tear greater than one-half of the thickness of the ACL, a tear of the posterolateral bundle, a pivot-shift examination result of grade B or greater, or a skeletal age of more than fourteen years.
Nonoperative management of a complete ACL rupture generally leads to a poor outcome. Additionally, it is associated with a high rate of sport dropout because of recurrent instability, as studies have demonstrated that up to 50% of children treated nonoperatively do not return to athletic activity 26 . Progressive instability can result in progressive meniscal and articular cartilage damage as well as Fairbanks changes (e.g., condylar squaring and joint space narrowing on an anteroposterior radiograph) in 61% of knees [27] [28] [29] . Instability and cartilage degeneration are typically observed in patients who do not modify their post-injury activity level, as is often the case in active children and adolescents. There has been considerable debate in the literature regarding the optimal time to perform ACL reconstruction in skeletally immature patients. Concerns regarding physeal damage, growth arrest, and subsequent sequelae including angular deformity and limb-length discrepancy have led some surgeons to delay surgical management until skeletal maturity. Delayed reconstruction, however, has its own important drawbacks including the possible development of progressive intraarticular pathology [30] [31] [32] . Table II highlights clinical outcomes following nonoperative management and delayed surgical reconstruction. These poor results have resulted in the development of modern operative techniques for pediatric ACL reconstruction.
Modern Operative Techniques
Iliotibial Band Reconstruction: Extraphyseal Reconstruction I liotibial band reconstruction (the modified McIntosh procedure) was popularized by Kocher et al.
33
. It is a physeal-sparing reconstruction with combined intra-articular and extra-articular stabilization. This procedure is primarily indicated for patients at Tanner stage I or II. In this procedure, the central one-third of the iliotibial band is harvested proximally and left attached to the Gerdy tubercle distally. The graft is brought through the knee in an over-the-top-position posteriorly and passed under the intrameniscal ligament anteriorly on the tibia. The graft is fixed with suture to the intermuscular septum and periosteum on the femoral side and to the periosteum on the tibial side (Fig. 4-A) . Clinical outcomes following this procedure have been favorable; a long-term study by Kocher et al. demonstrated a mean IKDC (International Knee Documentation Committee) score of 96.7, a mean Lysholm score of 95.7, a failure rate of 4.5% (two patients, at five and eight years postoperatively), and no reported instances of growth disturbance 33 .
Transphyseal Reconstruction
Both partial transphyseal and complete transphyseal reconstruction techniques have been reported. Partial transphyseal reconstruction includes sparing of either the tibial or the femoral physis, with transphyseal stabilization on the opposite side. This procedure has been used for patients at Tanner stages I through V. Although the graft source is selected largely on the basis of surgeon preference, autologous hamstring is preferred. Autologous tendon with bone plugs (e.g., bone-patellar tendonbone autograft) may induce local growth arrest if placed across the physis. Furthermore, injury to the apophysis of the anterior tibial tubercle during patellar tendon harvesting may cause a tibial recurvatum deformity with premature arrest of the anterior proximal tibial physis. Tunnel size, tunnel inclination, and drilling technique (transtibial compared with anteromedial) are factors that may influence the volume percentage of the distal femoral physis that is disrupted and thus the risk of physeal damage 34 . Graft fixation is also based on surgeon preference. Outcomes from transphyseal reconstruction have Representative standing 51-in (130-cm) hip-to-ankle radiograph.
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been generally successful, with a mean IKDC score of 91.5, a mean Lysholm score of 93.5, and a return to the preinjury activity level in 88.8% of patients. The limb-length discrepancy is typically minimal, averaging 1.2 mm, but the operatively treated limb may range from 7 mm short to 7 mm long 35 . Alternative graft choices, including the use of livingdonor (parental) hamstring allograft, have been described and resulted in similar two-year functional outcomes consisting of a mean IKDC score of 96, a mean Lysholm score of 97, and 100% return to strenuous activity without growth disturbance 36 .
All-Epiphyseal Reconstruction
Several techniques involving all-epiphyseal ACL reconstruction have been reported. The Anderson technique (Fig. 4-B) is a two-incision, transepiphyseal reconstruction that is indicated Fig. 4 -B The Anderson technique is an intra-articular reconstruction that utilizes suspensory fixation on the femur and an extraphyseal screw and post on the tibia. Fig. 4 -C The Ganley technique is an intra-articular all-epiphyseal reconstruction that uses interference screws for fixation on both the femur and the tibia. Fig. 4 -D The Cordasco-Green technique is an intra-articular all-epiphyseal reconstruction that uses suspensory fixation on both the femur and the tibia. e28(7)
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primarily in patients at Tanner stage I, II, or III (mean age, 13.3 years). The graft source is a four-strand hamstring autograft, which is secured by means of suspensory fixation on the femoral side and a screw and post on the tibial side. Studies have indicated a mean IKDC score of 96.5 with no clinically important growth disturbance when patients were followed to skeletal maturity (mean follow-up, 4.1 years) 37 . Ganley and colleagues developed an all-inside transepiphyseal reconstruction (Fig. 4-C) that is indicated in patients as early as Tanner stage I 38 . This technique also uses an autologous four-strand hamstring autograft. An intraoperative computed tomography (CT) scan is made with use of an O-arm to ensure that guidewire placement is free of the physis prior to tunnel drilling. Graft fixation is performed with interference screws. Lawrence et al. reported knee stability (as indicated by Lachman and KT-1000 arthrometer testing) and return to preinjury activity levels with use of a custom ACL brace after this procedure in a series of three patients treated with this procedure 38 . There was no evidence of growth disturbance in any of the patients during short-term follow-up.
The technique developed at our institution by two of the authors of this review (F.A.C. and D.W.G.) is also an allinside transepiphyseal reconstruction 39 ( Fig. 4-D) . This procedure is performed in patients who are Tanner stage I, II, or III and uses a quadrupled hamstring autograft, with intraoperative fluoroscopy to confirm guidewire placement prior to drilling of a socket (i.e., a blind hole, as opposed to an open-ended tunnel). Suspensory fixation is used on both the femur and the tibia. We prefer this method as it does not cross either physis, does not rely on interference fixation in softer epiphyseal bone, and facilitates anatomic restoration of the ACL footprint, but clinical outcomes have not been published.
Technical Considerations and Treatment Algorithm
One unique consideration in skeletally immature patients is the effect of tunnel size on the physis. The prevalence of physeal arrest increases when physeal damage because of tunnel drilling involves >7% of the total physeal volume 34 . Therefore, the graft radius may be the most important variable affecting the volume of physeal injury and potential arrest. Increasing the graft diameter from 6 to 11 mm will increase the volume percentage of physeal tissue removed from 2.3% to 7.8%. Additionally, increasing the tunnel drill angle from 45°to 70°will decrease the volume percentage removed from 4.1% to 3.1%, with a mean 0.2% decrease in physeal volume damaged for every 5°increase in tunnel angle 34, 40 . These factors have led to recommendations that tunnel diameters should be minimized (smaller-diameter graft) and that the tunnels should be placed in more central and relatively vertical positions. This conflicts with the principles and techniques currently utilized when performing ACL reconstruction in adults. Normal skeletal growth causes the volume percentage of the physis removed to decrease linearly with age. As expected, double-bundle techniques substantially increase the volumetric injury to the physis 40 . Likewise, tensioning of the soft-tissue graft may have an adverse effect on the growth plate, as excessive tensioning across an open physis may induce premature physeal closure. In a canine model, fascia lata autografts tensioned to 80 N across femoral and tibial tunnels led to substantial valgus deformity in the distal femur and significant varus deformity in the proximal tibia 41 . We make radiographs postoperatively, acquire MRIs at six months, and make fifty-one-inch hip-to-ankle radiographs *LLD = limb-length discrepancy, NR = not reported, ITB = iliotibial band, BTB = bone-tendon-bone, and FL = fascia lata.
at one year to monitor for potential physeal disturbance. Patients are followed regularly until skeletal maturity. Although the precise rate of growth disturbance after ACL reconstruction in children is not precisely known, a survey of 108 surgeons from the Herodicus Society and the ACL Study Group revealed fifteen cases of postoperative deformity. Flowchart showing the treatment algorithm devised on the basis of the available data and technical considerations. Surgical decision-making is based on several patient-related variables: clinical instability, associated intra-articular pathology, patient activity level and goals, and skeletal age (remaining growth). Following an adequate trial of nonoperative management, ACL reconstruction is performed if the patient remains symptomatic, with persistent knee instability. MRI = magnetic resonance imaging, ITB = iliotibial band, and BTB = bone-tendon-bone.
These included distal femoral valgus deformity, tibial recurvatum, genu valgum, and substantial limb-length discrepancy. Risk factors included hardware placed across the lateral distal femoral physis, bone plugs placed across the distal femoral physis, a tunnel size of >12 mm, hardware extending across the apophysis of the tibial tubercle, lateral extra-articular tenodesis, or an over-the-top femoral position 42 . It is important to note, however, that there is minimal concern for growth arrest in children who may have open physes but are nearing skeletal maturity (approximately thirteen years old in girls and fifteen years old in boys).
Although protecting the physis of the skeletally immature patient is of great importance, mechanical considerations should also be noted. Recent data suggest that iliotibial band reconstruction best restores anteroposterior and rotational stability but may overconstrain the knee to rotational movements at some flexion angles 43 . The clinical implications of this have not been investigated, but it is possible that overconstraint of the knee joint could be detrimental to the tibiofemoral articular cartilage.
The Authors' Surgical Treatment Algorithm Our surgical treatment algorithm is outlined in Figure 5 . After an ACL tear is confirmed clinically and with use of MRI in a skeletally immature patient, activity modification, bracing, and rehabilitation are initiated immediately. The patient's physiologic age is determined with use of the previously described methods. The decision to proceed with surgery is made on the basis of clinical instability, associated intra-articular pathology, the patient's activity level and goals, and skeletal age and growth remaining. In patients who are prepubescent, procedure options include a physeal-sparing all-epiphyseal all-inside reconstruction, a physeal-sparing Kocher reconstruction, or a partial or complete transphyseal reconstruction. In the young adolescent with growth remaining, a partial transphyseal reconstruction with an over-the-top femoral graft position or an epiphyseal femoral tunnel is performed. For adolescents who are near skeletal maturity, complete transphyseal bone-patellar tendonbone autograft may be used.
Rehabilitation
Following an all-epiphyseal reconstruction, we utilize the rehabilitation protocol outlined in Table III . Phase I is initiated during the first four weeks postoperatively with the goals of full knee extension, 90°of passive flexion, patellar mobility, improved quadriceps contraction, and a home exercise program. Phase II spans the period from four to eight weeks postoperatively and emphasizes range of motion from full extension to 125°, a normalized gait while weight-bearing as tolerated, and neuromuscular control to perform a single-leg stance without pain. Phase III spans the period from eight through sixteen weeks postoperatively and has the goals of full range of knee motion, improved quadriceps and core strength, and eccentric quadriceps control. Phase IV spans the period from sixteen to twenty weeks postoperatively and focuses on maximization of strength and flexibility and demonstration of an athletic ready-position stance. Additionally, the patient is assessed by a trained physical therapist at sixteen weeks postoperatively for proper biomechanics, with the goal of prevention of further ACL injury. Phase V extends to twentyeight weeks and emphasizes symptom-free running, flexibility, and dynamic control with jumping and landing. An independent gym program is also prescribed on the basis of the patient's individualized sporting activities and rate of progress with supervised physical therapy. The final postoperative phase begins at twenty-eight weeks and continues until full return to athletic activity. By the end of this supervised rehabilitation protocol, the patient should be able to perform a hop test with >85% limb symmetry, lack apprehension with sport-specific movements, display dynamic control with sport-specific movements, have flexibility commensurate with sport participation, and demonstrate compliance with functional bracing.
Surgical Outcomes
A review of the literature on surgical outcomes following pediatric ACL reconstruction is outlined in Tables IV and  V . Clinical outcomes following ACL reconstruction in children and adolescents are much better than those noted following nonsurgical management 33, 35, 36, [44] [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] . The outcome of physeal-sparing reconstructions 33, 36, 44, 47, 49, 54, 55 has been documented at a mean follow-up of two to six years and was successful. Patients reached skeletal maturity without evidence of limb-length discrepancy or angular deformity. Mean IKDC and Lysholm scores ranged from 94 to 97 in several studies 33, 36, 44, 47, 49, 54, 55 .
Favorable results have also been demonstrated for partial transphyseal 45, 52 and complete transphyseal reconstructions 35, 36, 46, 48, 50, 51, 53, 55 , with no or minimal limb-length discrepancy. When limb-length discrepancy did occur, as was the case in up to 30% of patients 51 , it was clinically unimportant (mean, 1.2 to 6.2 mm as measured with use of a combination of full-length hip-toankle radiographs and scanograms 35 or a combination of the distance from the anterior superior iliac spine to the medial malleolus and confirmation with standing hip-to-ankle radiographs 53 ). To our knowledge, no information on angular deformities has been published. At a mean follow-up of two to four years, mean IKDC scores ranging from 90 to 92 and Lysholm scores ranging from 91 to 99 have been reported 35, 46, 50, 53, 56 . Arthrofibrosis 56 and superficial infections 55 are uncommon complications, but when reported have occurred in 5% of patients. There is typically a low rate of revision surgery (3% to 13%; Table IV) , which is often due to reinjury, although a 44% reoperation rate for graft disruption, removal of prominent hardware, and failed meniscal repair was noted in one study of sixteen patients 53 . Outcomes of ACL reconstruction in pediatric and adolescent patients have been generally favorable. Heterogeneity of patient developmental status, surgical technique, graft choice, fixation, and outcome measures preclude quality meta-analysis. However, large retrospective case series have revealed higher 
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failure rates in patients less than eighteen years old compared with adults 57, 58 and lower rates of return to athletic activity after revision surgery 59 .
Overview

I
ntrasubstance tears of the ACL have been observed with increasing frequency in pediatric patients as a result of a recent rise in athletic activity. We have highlighted pediatric ACL anatomy and the anatomic considerations unique to ACL reconstruction in children. Nonoperative management results in continued instability resulting in high rates of meniscal and chondral damage and inability to return to athletic activity. Several transphyseal and physeal-sparing surgical reconstruction techniques have been described and appear to yield superior results compared with nonoperative management, without substantial growth disturbance. With proper rehabilitation, children are returning to their preoperative level of athletic activity and have excellent objective outcome scores. Nevertheless, the failure rate following ACL reconstruction is higher in young athletes compared with athletes over the age of eighteen years. This information should be conveyed to the patient and the family preoperatively. A detailed understanding of the pediatric ACL and the unique aspects of pediatric knee anatomy is crucial to performing effective and safe ACL reconstruction in pediatric patients. Children should be monitored postoperatively by means of regular clinical and radiographic examination through skeletal maturity to verify that no substantial growth disturbance is occurring. e28 (11) 
